In order to determine the utility of different perches in enriched colony housing systems for laying hens, the use of perches and an effect of the type and location in the system was examined in this behavioral study. Laying hens of the line Lohmann Selected Leghorn were housed in four different enriched colony housing systems which differed particularly in the alignment and arrangement of the functional areas. For analysis, perches were grouped into three types: low, low underneath the drinking trough and high. To evaluate the use of the perch types, video recordings were taken for 48 hours during three observation periods. These recordings were analyzed hourly at daytime and twice at nighttime. Through scan sampling, the overall number of hens using the perches and the fraction of hens per meter on a specific perch type were assessed. At nighttime, an average 62% of the laying hens used the perches. On average, 24% of the laying hens used the perches at daytime, with no significant difference between the different systems. Low perches that were not installed underneath the drinking trough were less commonly used than high perches. However, the hens used low perches that were positioned underneath the drinking trough more than other perch types during the day. At nighttime, high perches were used frequently and, depending on the system, more than the low perches. It should be considered that the hens used the low perches underneath the drinking trough during the day not to rest but rather to have better access to the drinking trough. It can be recommended that a sufficient number of high perches should be offered, so that all hens have access to these obviously preferred perches. If perches are installed underneath the drinking trough, it should be considered if additional perch space should be offered.
Introduction
The enriched colony housing system for laying hens was introduced in 2006 as an alternative to the conventional cage, which was prohibited in Germany as of January 1 st , 2010. In the year 2010, when the pullets of the presented study hatched, 18.2% of the laying hens in Germany were housed in an enriched colony housing system [1] . The German "Order on the Protection of Animals and the Keeping of Production Animals" [2] was amended and published on August 22 nd , 2006 and last changed on February 5 th , 2014. Due to procedural errors, the German federal constitutional court (BVerfG) declared in October 2010 that §13b of this German order, which regulates the keeping of laying hens in enriched colony housing systems, was unconstitutional [3] . It was therefore legitimate to execute the §13b until March 31 st , 2012 as a transitional period. Since then, the respective district veterinary offices must evaluate these housing systems during regular animal welfare inspections to assure that the following rules are observed:
Each laying hen must have a minimum absolute usable area of 800 cm 2 in the enriched colony housing system. Additionally, for 10 hens a litter area of at least 900 cm 2 , as well as a nest of at least 900 cm 2 and a perch space of 15 cm per hen must be supplied additionally. At least two perches at different heights in the housing system must be installed for one group, so that an undisturbed rest is possible for all hens at the same time. In order to determine the utility of these necessary perch types, the use of three perch types (low, low underneath the drinking trough and high) and an effect of the location of the perch in the enriched colony housing system was examined in this comparative behavioral study.
Studies have shown that caged laying hens use perches and that perches allow hens to show species-specific resting behavior and increase the well-being of laying hens [4, 5] . Many factors are known to influence the use of perches in housing systems by laying hens, with the characteristics of the perch itself such as the diameter and shape [6, 7] , the material [8, 9] and the height being crucial [10, 11] . However, genetic differences between the hens also may influence the use of different perches [12] . Furthermore, the size of the flocks was shown to influence the choice of different perch heights [13] . In studies examining the acceptance and use of perches in furnished cage systems at daytime, authors reported that hens spent about 25 to 47% of the daytime on perches [4, 14, 15] . Rönchen et al. [16] observed 10 to 24% of laying hens on perches in several trials in studies with laying hens in furnished cages, small group systems and modified small group systems. Telle [17] and Hergt [18] recorded 10 to 16% on perches at daytime in the same housing systems as used in this study. In cagefree housing systems, higher uses of perches are reported during the day by Carmichael et al. [19] , with 47% of the laying hens perching in an aviary system. Duncan et al. [4] observed that the placement of the perch (e.g., near the drinking or food trough) in the system strongly influenced the use. At night time authors observed 81 to 99% of the laying hens on perches in enriched cage systems [14, 15, 20] . In aviary systems, Plattner [21] found a very high variety in the use of perches by laying hens during the night, ranging from 17 to 100% of the hens on a perch, depending on the farm.
Studies on perching behavior and the prevalence of hens on different perches in enriched colony housing systems according to the German legislation are rare. In this study, the perching behavior of laying hens in four different enriched colony housing systems was observed. The overall use and the use of the three perch types were investigated in order to assess the use of the perch types and an effect of the location of the perch in the housing system of four enriched colony housing systems which are used in practice.
Materials and Methods

Animals
This study was performed in the course of a joint research project to refine and optimize the enriched colony housing system for laying hens. Hens of the layer line Lohmann Selected Leghorn (LSL) and Lohmann Brown (LB) were housed in four different enriched colony housing systems (system A=Big Dutchman, Type KV 1500 a-D40; system B=SALMET International GmbH, Type 4000/735; system C=SALMET International GmbH, Type FC-S 715/725; system D=TESO Ten Elsen GmbH & Co. KG, Type 206-740). System A and B were stationed in one barn at the Institute for Poultry education and applied research in Kitzingen, Germany. The systems C and D were located in two separate barns at the Ludwig-Maximilians-University in Munich, Germany. The hens of all four systems hatched on the 24 th of June 2010, were not beak trimmed and reared in cage systems at the Kommanditgesellschaft Geflügelzuchtbetriebe Gudendorf-Ankum, GmbH Co, Ankum, Germany. On the 27 th of October, at the age of 17wk and 6d, the hens were randomly housed in the four enriched colony housing systems A to D with alternating filling of the layer lines (LSL and LB) in the cage units. The systems differed particularly in size and alignment of the functional areas nest, dust bath, and perches ( Figure 1) . In system A, 40 hens per cage (stocking density: 800 cm 2 /hen, 720 hens in total, 360 of each layer line) were housed with two low perches (L1, L2; 10 cm distance to cage floor) on the side of the cage unit, one low perch (L3; 8 cm distance to cage floor) in the middle underneath the drinking trough and two high perches (H1, H2; 30 cm distance to cage floor) between each side perch and the middle perch. A total of 18 cages, stacked in two levels were stationed in one barn together with the system B. In system B, 33 hens were housed per cage (stocking density: 800 cm 2 /hen, 792 hens in total, 396 of each layer line) with four low perches (L1, L2, L3, L4; 8-16 cm distance to cage floor) and one high perch (L1; 30 cm distance to cage floor). In total, 24 cages of the system B were stacked in two levels and two rows. In system C, 50 hens were housed per cage (stocking density: 880 cm 2 /hen, 300 hens in total, 150 of each layer line) with four low perches (L1, L2, L3, L4; 13-18 cm distance to cage floor) and two high perches (H1, H2; 27 cm distance to cage floor). Six cages of the system C were stacked in three levels. All perches in systems A, B and C were made of galvanized metal. In system D, 40 hens were housed per cage (stocking density: 800 cm 2 /hen, 480 hens in total, 240 of each layer line) with two low plastic perches (L1, 7 cm distance to cage floor; L2, 9 cm distance to cage floor) in the middle of the cage underneath the drinking trough and one high perch of galvanized metal (H1, 25 cm distance to cage floor). The system D was constructed of two rows of cages on two levels with three cages in each row. In all of the observed systems, only 
Behavior observations
For behavior observations, video recordings with infrared cameras of the type VTC-E220IRP with IR-LED (Santec Security Solutions/ Sanyo Video AG, Ahrensburg, Germany) were taken for 48 hours during three observation periods (OPs) within the laying period (first OP: 24-25 weeks of age; second OP: 47-48 weeks of age; third OP: 63-64 weeks of age). By this, the observation periods were evenly distributed throughout the laying period. Because of technical reasons, only hens of the strain Lohmann Selected Leghorn were observed. The video signals of the cameras were transferred to encoder boxes (Indigo Vision 8000, Indigo Vision, Inc., Edinburgh, UK). Network cables connected the encoder boxes with Switchports (AT-FS 708 Switch, Allied Telesis, Inc., USA), that were connected to a computer. The software used was Indigo Vision Control Center (Version 3.16.09, Indigo Vision, Inc., Edinburgh, UK).
In systems A (33 hens per unit) and B (40 hens per unit) four randomly chosen cage units, in system C three randomly chosen cage units (50 hens per unit) and in system D (40 hens per unit) six randomly chosen cage units were observed by video recordings (three cage units in the third observation period in system D). The scan sampling method by Martin and Bateson [22] was used to determine the use of the perches and prevalence of hens on specific perches. Using this method, a group of hens is observed at time points determined prior to the observation in order to assess the use of the functional area perch. The first time point determined in this study was 30 minutes after the beginning of the daytime and then a sampling followed hourly during the day and twice within the night. Thereby, the absolute number of hens on the different perches was counted in hourly intervals at daytime (4:30 AM to 5:30 PM) and twice at nighttime (8:30 PM and 1:30 AM). For the overall use of perches, the total number of hens standing or sitting with both legs on any perch was related to the total number of hens in the cage.
Statistical analyses
The determined frequency of perch use was presented as percentage of the number of hens per meter perch per unit. A Chi-Square-Test was used to analyze the differences between the four different housing systems at day and nighttime as well as between the different observation periods (Excel Tool by ACOMED Statistics, Leipzig, Germany) [23] . The absolute numbers of hens on different perches and at different times of the day was documented. To analyze the frequency of hens on the perch types, grouped into three categories (low, low underneath the drinking trough and high), the number of hens on one meter of a specific perch was related to the total number of hens in the particular unit (system A n=4 units; system B n=4 units, system C n=3 units, system D n=6 units, last OP n=3 units). The frequency of hens on the different perch types was calculated as arithmetic means of the perch use during the day and night time in the observed units (14 observations times during the day, two at night). A t-test was used to calculate significant differences in the frequency of hens on the different perch types as well as the different housing systems. A correction for multiple testing was performed according the Bonferroni and Holm-method. The statistical level was set at P<0.05. Additionally a Cohen d was calculated to quantify the effect of different housing systems and perch types. Cohen [24] refers to a small, medium and large effect if d is 0.2, 0.5 or 0.8 respectively.
Results
At daytime, an average of 23.9% of the laying hens used the perches in the enriched colony housing systems ( Table 1 ). The average perch use at daytime varied, and ranged from the lowest usage of 17.4% in system A to the highest use of 29.9% in system B. In the first (24-25 weeks of age) and third (63-64 weeks of age) observation periods, there were no significant differences between the four different systems (P>0.05). In the second (47-48 weeks of age) observation period, the perches in system A were used significantly less than those in system D (P ≤ 0.05).
At nighttime, the hens showed a more frequent use of perches with an average of 62.1% (Table 1 ). The range of the average use was between 53.2% (first observation period, system C) and 71.6% (third observation period, system A).
In system A, five perches were installed in the housing system, two low perches at the sides, one low perch in the middle (underneath the drinking trough) and two high perches between the low ones ( Figures  1). A difference in the use of these perches was observed particularly during the daytime (Figure 3 ). At daytime, the low perch in the middle underneath the drinking trough was used more often than the low (P ≤ 0.001, d=7.61) and the high perches in this housing system (P ≤ 0.01, d=4.54). Even though the low perches were used less than the high perches during the daytime of all OPs, this was only significant in the third OP (P=0.028, d=3.91).
In system B, there was no notable effect of the perch height on the use of the perches at day-or nighttime in all observation periods (Figures 2 and 3) .
At daytime (Figure 3 ), even though there was an effect of the perch height on the use of the perches visible in the system C, this was not significant in any of the observation periods (P>0.05, OP1 d=3.23, OP 2 d=2.77, OP 3 d=3.09). At nighttime in the second and third observation periods (Figure 2) , the high perches were used more often than the low perches (OP 2 P=0.005, d=13.11; OP 3 P=0.019, d=7.21). In system D (Figure 3) , the low perch in the middle of the system underneath the drinking trough was used more often than all other perches at daytime in all observation periods. The frequent use of this perch was especially determined by hens that used the perch to reach the drinking trough. The high perch was used more frequently at daytime in all observation periods compared with the low perch located at the side of the system (OP 1 P=0.046, d=1.62; OP 2 P=0.049, d=1.82). The prevalence of hens on specific perches at nighttime in system D changed from the first to the third observation period ( Figure  2 ). In the first observation period, the low perch in the middle of the system underneath the drinking trough and the low perch were used (P<0.05) more frequently than the high perch. In the second and third observation periods, the low perch in the middle of the system underneath the drinking trough was used less than the low and high perch.
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Discussion and Conclusions
In the four enriched colony housing systems tested in our study, an average of 23.9% of the hens were observed sitting or standing on the perches at daytime. The observed average use of perches, ranging from 17.4 to 29.7%, differed between housing systems and observation periods, we suggest that this was caused because the number of hens on perches was influenced by the number of hens in other functional areas (food trough, dust bath, nest) showing other behavior than resting.
An average of 62.1% of the hens in this study used the perches at nighttime. The average ranged between 53.2 and 71.6%. Thus, 28.4 to 46.8% of the hens in the observed enriched colony housing systems did not use the perches during the night. Other authors reported a high variability in the use of perches, with 60 to 99% of laying hens resting on perches in furnished cage systems at nighttime [4, 14, 18] . Telle [17] observed only 26 to 67% laying hens on a perch at nighttime. The fact that not all of the hens in this study used a perch at night could be explained by the preference of hens for specific perches, causing an "overcrowding" on specific perches and thus insufficient space for all of the hens on these perches. Similar observations were done by authors analyzing behavior of laying hens in an aviary systems, in which by laying hens preferred perches were overcrowded and others in the same housing system in contrast not used by the hens [25] . Since 28.4 to 46.8% of the hens did not use a perch at night, even though hens are highly motivated to perch [26] , it should be discussed, if the provided perch space of 15 cm per hen is sufficient or if more space, especially on high perches, should be provided.
Analysis of the usage of individual perch types at daytime showed that not only the height but also the location of the perch had an effect. If provided, low perches underneath the drinking trough in the middle of the housing systems (systems A and D) were used by the highest proportion of hens. Similarly, Duncan et al. [4] observed that perches near drinking troughs or feeding areas were used frequently at daytime. Perches are installed to provide hens with an area for resting. However, if hens can use them to reach a water resource, the increased movement on and near these perches can deplete their original function as rest areas.
Other low perches in the systems that were not installed underneath the drinking trough were less commonly used than the high perches at daytime. These observations are to some extent in contrast to those described by other authors. Blokhuis [27] observed a frequent use of low perches at daytime, especially for short naps and grooming behavior. Rönchen et al. [16] and Hergt [18] reported a more frequent use of low perches than high perches at daytime in enriched colony housing systems. Rönchen et al. [16] explained the lesser use of high perches by the inappropriate design, the position in the cage system and the insufficient distance to the ceiling of the cage. In this study, low perches were used more than high perches at daytime only if they were installed underneath a drinking trough. The use of and the preference for high perches was interpreted as an anti-predator behavior by several authors [11, 28] . Also, Struelens and Tuyttens [7] observed a more frequent use of high perches if the distance to the ceiling of the cage was at least 19 to 24 cm. The high perches in this study all had a minimum distance of 29 cm to the ceiling.
At nighttime, the use of perches differed in the different housing systems and the observation periods. In system A, the differences were only marginal and a systematic prevalence of hens on specific perches was not visible at nighttime. In system B, no differences in terms of frequency in the use of specific perches could be observed, neither at daytime nor at nighttime. In system C in the second and third observation period, more hens were observed on the high perches compared to the low perches during the night observation. These results agree with findings of Schrader and Müller [11] and Struelens and Tuyttens [7] who observed that the height of perches influenced their use and that hens preferred to rest on high perches. In system D, the prevalence of hens on specific perches at nighttime changed from the first to the third observation period, which is, with progressing laying period and age of the hens. The low perch in the middle of the system underneath the drinking trough that was used frequently at the beginning of the laying period was avoided in the third observation period, when more hens were observed on the high perch. We conclude that the hens first had to learn to hold on to the relatively slippery, round high perch which was made of galvanized metal in contrast to the low perch in this system made of plastic. A systematic comparison of the housing systems A to D is not feasible, because of differences in the number of hens per cage and available perch types in the cages. This is due to the reason, this study was conducted to assess the use of perches in enriched colony housing systems under conditions used in practice.
In this study, the number of hens using a specific perch type was applied as a measure to assess the use of perches. Pickel et al. [10] recommended considering the quality of rest (balance movements) as an additional important factor. By applying this method, it should be possible to explain why the hens did not use the high perch in system D at the beginning of the laying period. Furthermore, the hens in our study had been raised in a conventional cage system without any access to perches, which is another factor that might influence the later use of perches. As shown by Heikkilä et al. [29] , it seems to be important that laying hens have early access to perches, as hens used these more often once they were older if they had learned the use at a younger age. However, in this study we aimed to observe hens as they are housed in practice and the pullets for cage systems in practice are raised without perches.
In conclusion, the results showed that laying hens in enriched colony housing systems used the provided perches. However, a fraction of the hens (28.4 to 46.8%) did not use the perches at night time; we suggest that this was observed because they preferred specific perches and areas of the cages, which were already occupied by other hens. The use of the perches varied, depending on the daytime as well as the type of the perch (low, low underneath the drinking trough, high). There was a high frequency of hens on high perches in the observed housing systems, not only at nighttime but under specific circumstances also at daytime. Perches installed underneath the drinking troughs were used frequently at daytime. It should be considered that the hens used these perches not to rest but rather to have better access to the drinking trough. Since the perches of all systems were used and a system-related influence in the overall use was not observed, it seems that the use of perches is a basic need and as observed by other authors, hens show a high motivation to perch at night [26] . It has been shown by other authors that perches allow the hens to show species-specificresting behavior [4, 5] . Considering the results of this study, it can be recommended that a sufficient number of high perches should be offered, so that all hens have access to these obviously preferred perches. It should be considered if additional perch space should be offered if perches are installed underneath the drinking trough and it should be reconsidered if the required perch space of 15 cm per hen is sufficient.
